Background: Morphometric analysis of the foramen magnum of dry human skulls in Gujarat region was carried out to demonstrate the anatomical variations in morphology. The measurements of the foramen magnum are clinically important because vital structures passing through it. There are certain diseases associated with compression of structure present in foramen magnum like arnold chiari malformation (tonsillar herniation), achondroplasia, stenosis of foramen magnum, meningioma and atlanto-occipital fusion.
INTRODUCTION
portion that forms base of skull. Base of occipital bone including boundaries of foramen The neurocranium consist of cartilaginous magnum which is formed by the parachordal plate and cartilage derived from four occipital somites (sclerotome) [1] . The foramen magnum is large oval aperture of the occipital bone, wider behind then in front, as its anterolateral margin was encroached by occipital condyle and it communicate the posterior cranial fossa with the vertebral canal. It measured about 3.5 cm anteroposteriorly & 3 cm transversely [2] . Foramen magnum is a latin word meaning largest aperture in the base of skull. It is situated in an anteromedian position. It contains the lower end of medulla oblongata & meninges surrounding it, cerebrospinal fluid, vertebral arteries and veins, spinal part of accessory nerve. In its anterior part apical ligament of dens, upper vertical bend of cruciate ligament and tectorial membrane pass through it to attached internal basiocciput [3] . The Arnold-Chiari malformation is a congenital anomaly in which there is a herniation of the tonsils of the cerebellum and the medulla oblongata through the foramen magnum into the vertebral canal which shows increased transverse diameter of foramen magnum [4, 5] .Enlargement of foramen magnum occur mostly in patients with Chiari-I & II type of malformation as compared to normal population [6] . Growth failure of cranial base as a result of abnormal cartilaginous bone growth and premature fusion of bone by synchondrosis result in small foramen magnum that occurs in group of bone dysplasia including achondroplasia and stenosis. Stenosis of foramen magnum is mostly associated with achondroplasia in which the opening is not large enough to pass the spinal cord easily [7, 32] . The skull with largest anteroposterior diameter permit greater contralateral surgical exposure for condylar resection in transcondylar approach and also help to access the lesion locate at cervicome-dullary junction & ventral to brainstem [8] . Morphometric analysis of foramen magnum conducted in this study is important and useful not only for anatomist, but also important for Anthropologist, Forensic expert, Neurosurgeons, Radiologist, Anesthetist and Physicians to diagnose and treat various deformities associated with foramen magnum.
MATERIALS AND METHODS
With prior permission taken from head of anatomy department of various medical colleges of Gujarat including anatomy department P.D.U. Govt, Medical College, Rajkot (Gujarat) we have conducted the study on completely ossified 326 dry adult human skulls of unknown age and sex for analysis. The skulls were accepted as adults according to tooth eruption. Any skulls showed signs of prior cranial surgery, malformation, damaged, incomplete, with any pathological condition and juvenile skull were excluded. In this study we have measured the anteroposterior diameter (APD) & transverse diameter (TD) of foramen magnum by using digital vernier caliper with an accuracy of 0.01 mm. The measurements was taken with due care to ensure accurate measurement. APD of foramen magnum is the distance between opisthion to basion along midsagittal plane and TD is the maximum distance between lateral margins of foramen magnum as shown in (Figure-1 ). The opisthion is the central point of the posterior edge of foramen magnum and the basion is central point of the anterior edge of foramen magnum [9] . The surface area of foramen magnum was calculated by Length (APD) & Width (TD) of foramen magnum by using formula given by Radinsky (1/4×W×L× ) where . = 22/7, mathematical constant [10] . was accepted as 3.14. The foramen magnum index was calculated by using formula (TD × 100/APD) [11] . The cranial base was macroscopically assessed for different shape of foramen magnum and noted as oval, round, tetragonal, pentagonal, hexagonal & irregular. The statistical analysis was done using Epi Info software ver. 7 83.60 ± 6.21 mm with range from 67.70 -110.97 mm ( Table-1 ). The various shape of foramen magnum ( Figure-2 ) was recorded and noted in decreasing frequency -Oval (42.33%), Round (32.82%), Tetragonal (8.59%), Hexagonal (7.67%), Pentagonal (4.60%), and irregular (3.99%) (Table-2, Figure-3 ). In present study of 326 skull, we have found only one skull with foramen magnum having anteroposterior diameter smaller (31.37 mm) than the transverse diameter (34.81 mm) (Figure-4) . 
DISCUSSION
In present study, the mean APD of foramen magnum was 34. [27] . The mean area of FM was reported higher by Shikha Sharma [28] , Govsa [29] , Faazila Fathima [33] , Gruber P [35] as compared to our study.
The mean foramen magnum index in present study was 83.60 ± 6.21 mm, with range from 67.70 to 110.97 (Table-1 ). This findings are similar to finding of Rajkumar [12] , K.C.Singh [14] , Lucas A S [15] , Deepa G [19] , Berjina farooq naqshi [36] . The study done by Shikha S [28] reported FMI is 87.68 which is higher than our study. The Shape of foramen magnum in present study was compared with other authors showing ( Table -2 ). The most common shapes of the foramen magnum is oval in present study and it is similar with Rajkumar [12] [44] , have reported that the common shape of foramen magnum is round. The data obtained from the present study was compared with the data reported by other authors. After the comparison, we observed that our findings like APD, TD, surface area, FM index and percentages of various shapes of foramen magnum are almost similar.
CONCLUSION
The foramen magnum is formed by four parts, viz basilar, right & left condylar and squamous part of occipital bone; there are so many variations in its dimension and shape. The study of morphometric analysis of FM is important as there are many neurovascular structures passing through it and they may get compressed in various deformities at craniovertebral junction like CM-1 & CM-2, achondroplasia, stenosis of FM, meningioma's, foramen magnum syndrome, etc. This study is helpful in the field of anatomy, forensic medicine, anthropology and has great clinical significance in neurosurgery, radiology, orthopedics and anesthesia to determine treatment plan in case of foramen magnum decompression surgery (Craniectomy with Laminectomy of Atlas vertebra) for chiary malformation and craniovertebral & cervical spine surgery.
